In pregnant rats ovariectomized on Day14of pregnancy (sperm present=Day1),
Progesterone alone maintains pregnancy in ovariectomized rabbits (Wu and Allen, 1959) and sows (First and Staigmiller, 1973; Ellicot and Dziuk, 1973) , and a large dose (10 mg or more) of progesterone does so even in rats (Alexander et al., 1955; Talwalker et al., 1966) . Progesterone plays a dominant role in the maintenance of pregnancy, and the synergistic action of progesterone and estrogen is generally essential for most mammals in maintaining a successful pregnancy following ovariectomy (Courrier, 1950) . However, the role of estrogen in the maintenance of pregnancy is not entirely clear. It contributes indirectly to the maintenance of pregnancy in rats by stimulating the rapid growth of the corpora lutea in midpregnancy (Gibori et al., 1977; Nakamura and Ichikawa, 1979) , and has a multiple direct action on the pregnant uterus. We have recently reported that intra- In ovariectomized pregnant rats treated with the vehicle alone (Group1-3), the percentages of absorbing fetuses markedly increased on Day17of pregnancy, but the incidence of injured fetuses was less than5%. The daily treatment with4mg progesterone kept88.5% of fetuses normal until Day17of pregnancy (Group4), but injured fetuses increased progressively between Days17and 19of pregnancy (Group4-6).
Seventy-one of84injured fetuses in Group4-6had. cranial and/or caudal hematomata, as shown in Fig.1 ; five fetuses bore hematomata on other parts of the body; eight fetuses bore hematomata covering the entire body sur face. Some injured and absorbing fetuses. had the body distorted and the waist constricted. 17in rats ovariectomized on Day14of pregnancy; the synergistic action of progesterone and estrogen is necessary at around Days17and18of pregnancy. According to Csapo and Wiest (1969) , the ovarian support is dispensable after Day19of pregnancy for the maintenance of pregnancy. As described by Reynolds (1949) , the conversion of the conceptus from a spheroidal to a cylindrical shape occurs around Day 18of pregnancy in rats. Estrogen thus appears to act at this critical period.
According to direct observation of pregnant rat uteri, fetal elongation takes place when the edges of the amniotic sac are forced by intrauterine pressure into the interconceptus rings of the uterine wall at each end of the conceptus, leading thereafter to the elimination of constriction rings between ampullae (Reynolds, 1949) . So it was in normal pregnant rats in the present study, as seen in Fig.2A and B. However, in ovariectomized pregnant rats treated with progesterone alone, constriction rings remained in the uterine walls on Day19and 20of pregnancy and hematomata appeared with high incidence on the extremities of fetuses. Similar fetal damage was observed by Kroc et al.(1959) on Day21of pregnancy in ovariectomized rats treated with progesterone alone. Intrauterine pressure in ovariectomized pregnant rats treated with progesterone alone was about4times greater than that in intact pregnant rats (Ichikawa and Tamada, 1980) . These observations suggest that the bleeding was caused at the critical period by pressing the head or dune of the growing fetuses onto the constriction rings under abnormally high pressure. Fraser (1955) lowered fetal loss following spaying by releasing fetuses into the intraperitoneal cavity.
Treatment with estradiol prevented the appearance of injured fetuses in ovariectomized pregnant rats treated with progesterone alone. In the previous report (IchiVol.27, No.2 ESTROGEN ON FETAL SURVIVAL kawa and Tamada, 1980) , estradiol also prevented an abnormal increase in the intrauterine pressure in overiectomized pregnant rats treated with progesterone alone, and it was suggested that estrogen ensures sufficient plasticity of the uterus to allow for the increase in conceptus size. The preventive effect of estrogens on fetal hematomata and on the increase in intrauterine pressure in progesterone-treated ovariectomized rats was the same in order among estrone, estradiol and estriol. It is therefore considered that the incidence of injured fetuses in ovariectomized pregnant rats treated with progesterone alone was caused by the decreased plasticity of the uterine tissue due to the deficiency of estrogen. Relaxin, when it was given in combination with both progesterone and estradiol, induced a further increase in distensibility. (Wiqvist, 1959) and the collagenous framework of the rat uterus (Cullen and Harkness, 1964) . The main source of relaxin in the pregnant rat is the luteal cells in the ovary, and relaxin was undetectable in the pregnant uterine tissue either by indirect fluorescent antibody methods (Anderson et al., 1975) or by bioassay (Anderson and Long, 1978) . Furthermore, the treatment with progesterone plus estradiol did not increase the serum relaxin level in the pregnant rat (Schwabe et al., 1978) . Therefore, the preventive effect of estrogen on the fetal damage in progesterone-treated ovariectomized pregnant rats in the present study is considered to be due to the action of estrogen itself and not to its synergistic action with relaxin.
Progesterone plays a multiple role in the maintenance of pregnancy, but it alone can not maintain successful pregnancy in rats. The present results suggest that the synergistic action of estrogen is necessary at the critical period when the conceptus changes from a spherical to cylindrical shape, and 
